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Objectives: The objectives of this study were the evaluation of low dose multidetector com-
puted tomography (MDCT) in localizing the site of the transition zone (TZ) of
Hirschsprung’s Disease (HD) for preoperative planning.
Patients and methods: Twenty-two infants were recruited from pediatric and surgical clin-
ics in Assiut University Hospital and Sohag University Hospital. The recruited patients were
sedated before examination. Examinations were done using 64-rows MDCT. Each MDCT
examination was reviewed to determine the location and length of the TZ and compared
with operative and pathological results. Results were analyzed by chi square test and inter-
observer agreement using Kappa test. P < 0.05 was considered statistically significant.
Results: According to operative and pathological data, the site of the TZ: 17 (77.27%) were
of short-segment disease (rectosigmoid HD), 2 (9%) were of long segment (above sigmoid
colon), and 3 (13.63%) were of ultrashort segment. A correct diagnosis of TZ by MDCT was
made in 19 out of 22 with 82.4% sensitivity and 80% specificity. The site of TZ was
concordant in 17. Results yielded a moderate strength of inter-observer agreement in local-
izing the site of TZ (k = 0.546) and ( P= 0.009).
Conclusion: Low-dose MDCT has a good role in localizing the site of TZ of HD in infants.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by
Elsevier. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).1. Introduction
Hirschsprung’s Disease (HD), also known as congenital
aganglionic megacolon, is an anomaly characterized by
an absence of ganglion cells in the myenteric and submu-
cosal plexuses in a variable length of bowel segment
[1,2]. A barium enema is part of the accepted diagnostic
workup of the neonate with a low bowel obstruction orthe infant with constipation. However, ever since the early
papers of Ehrenpreis [3] and Swenson [4], the usefulness of
barium enema examination in the diagnosis and assess-
ment of Hirschsprung’s disease in early infancy has been
questioned. In 1986, Taxman et al. [5] reported a 20%
false-negative rate and a 43% false-positive rate for barium
enema diagnosis of HD disease in infancy and again ques-
tioned its usefulness. Recently, in 2015, Putnam et al. [6]
also concluded that although radiographic positive con-
trast enema for HD portends a high probability of HD,
inconclusive studies still represent a significant increased
risk. CT was found to be a useful imaging tool providing
the opportunity to not only view the dilated colon and
the transition zones but also to definitively exclude other
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Identification of the extent of aganglionic bowel on con-
trast enema is important for preoperative planning of
transanal surgery [8]. To our knowledge, limited data on
MDCT have been published for HD in infants. Therefore,
the aim of the study was to evaluate the applicability of
low dose MDCT in localizing the site and length of the
transition zone (TZ) of HD for preoperative surgical
planning.2. Patients and methods
2.1. Patients
Twenty-two infants were enrolled in this prospective
study and they recruited from pediatric and surgical clinics
in Assiut University Children Hospital and Sohag university
Hospital within the period between August 2014 and
February 2016. They had a history of delayed passage of
meconium, constipation, abdominal distension, and
vomiting. All of them were subjected to thorough clinical
evaluation together with laboratory workup, plain abdom-
inal X-ray and contrast enema. Another 10 infants were
excluded from the study as their plain X-ray showed
pneumoperitoneum or multiple air-fluid levels. They
underwent MDCT. The study was approved by the research
ethical board in our institute. Parents’ agreement was
obtained and formal consent was taken.2.2. MDCT examination
Patients were scanned using 64-rows multi-detectors
CT (Aquilion 64, Toshiba Medical system). MDCT was
performed with patients in the supine position. Oral
chloral hydrate was used as a sedative drug in a dose of
50–75 mg/kg [9].
2.2.1. Technical factors
Scanning in the supine position covers the entire
abdomen and pelvis. MDCT parameters: Adjusting tube
potential to patient’s weight using low kilovoltage and
tube current appropriately to reduce the radiation dose:
80–100 kV (following an ALARA (as low as reasonably
achievable) principle) [10]. A tube current, 70 mAs gives
a CT dose index (CTDI) of 1.06 mGy. Other technical
parameters are as follows: detector collimation,
64  0.5 mm; pitches 0.8 and gantry rotation time 0.5 s
and image reconstruction matrix 512  512, slice thick-
ness 0.5 mm. Neither oral nor IV contrast media were
administered. Water soluble contrast enema was done
for 11 infants by inserting a Foley catheter into the rectum
and securing it with tape. Water soluble contrast was then
introduced into the rectum.
2.2.2. Post processing techniques
After scanning, the axial images were transferred to an
independent workstation (Virtea

2; Version 3.900, Toshiba)
for post processing. Post processing methods were multi-
planar reconstruction (MPR) images.2.2.3. Image analysis
Images were obtained in the axial plane with a thick-
ness of 2- to 3-mm at 2- to 3-mm intervals. A second set
of coronal and sagittal images was obtained at 0.6-mm
thickness at 0.5-mm intervals for multiplanar reconstruc-
tions (MPR). The examinations were stripped off the
patients’ names and evaluated independently by two radi-
ologists with 20 years and 15 years’ experience and they
were blind to the operative data. Interpretation of images
was done for the following: determining the location and
length of the TZ and TZ ratio that was ratio of transverse
diameter of the most dilated colonic segment proximal to
the TZ to the narrowed colonic segment distal to the TZ
[11].
2.3. Statistical analysis
The gold standard was operative, and pathological
results. The site of TZ was compared between operative
and pathological data and findings of MDCT using chi
square test. Quantitative data were expressed as means
and ranges. The sensitivity, specificity, accuracy, positive
predictive values, negative predictive values and accuracy
were calculated. An inter observer agreement analysis
using the Kappa (k) statistic was performed. P < 0.05 was
considered to indicate a significant difference. Statistical
analyses were performed by using Statistical Package for
the Social Sciences (SPSS), version 20.
3. Results
3.1. Demographic data
Twenty-two infants were recruited who have mean age
of 12.23 months (range, 0–36 months). Nineteen (86.4%)
were boys and 3 (13.6%) were girls.
3.2. Surgical and pathological data
According to the operative and pathological results, the
site of the transition zone (TZ) was determined as follows:
17 (77.2%) at rectosigmoid colon (short-segment disease),
2 (9%) were of long segment (above sigmoid colon) and 3
(13.6%) were of ultrashort segment.
3.3. MDCT data
MDCT depicted an exaggerated dilatation of the colonic
segment proximal to the narrowed transition segment. The
mean transition zone ratio was 2.72 ± 0.96 (range: 1.14–
3.86). The mean length of transition zone was
11.7 ± 5.60 cm (range, 5–23 cm) in MDCT compared to
the average length of resected bowel that was
12.68 ± 5.73 cm (range, 7–25 cm) (P < 0.001).
3.4. Concordance of location of TZ among MDCT, operative
and pathological data
The site of TZ was concordant in 17 of 17 (100%) with
rectosigmoid disease but only 1 of 2 (50%) with long-
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(P < 0.001). Transition zone was not identified in 3 of 22
(13.6%) with HD on MDCT. Two had ultrashort segment
and one had long segment HD.3.5. The overall accuracy of MDCT in localizing the site of TZ
Depending upon operative and pathological results, a
correct diagnosis of TZ by MDCT was made in 19 out of
22 (86.4%) cases with 82.4% sensitivity, 80% specificity,
93.3% positive predictive value and 57.14% negative
predictive value. The overall accuracy was 81.8%
(Figs. 1–3).3.6. The inter-observer agreement in localizing the site of TZ
A moderate strength of inter-observer agreement in
localizing the site of TZ among the two radiologists was
found (k = 0.546) & (P = 0.009), 95% CI (0.162, 0.930).Fig. 1. 40 days male infant presented with constipation. (a) Contrast enema in
segment. Ultrashort HD was speculated (red arrow). (b) MDCT in sagittal reforma
(TZ length was 1 mm, and mean TZ ratio was 1.2).4. Discussion
Hirschsprung’s disease (HD) occurs in approximately 1
in 5000 live births with an overall male:female ratio of
3:1–4:1. In about 80% of the patients, the disorder affects
the rectosigmoid colon (known as short-segment disease)
[12–14]. This is in agreement with the current study as it
includes 86.4% males, 13.6% females and 77.2% of cases
had short segment disease.
In the current study, low dose MDCT was used with
tube current modulation using tube voltage: 80 kV; and
tube current: 70 mAs that gave a CTDI of 1.06 mGy that
gave estimated effective dose 0.38 mSv for whole study
that it is comparable less than that using tube voltage:
100 kV; and tube current: 70 mAs that gave a CTDI of
4.7 mGy and the estimated effective dose was 2.3 mSv. It
is near to the mean effective doses for infants during bar-
ium enema using digital imaging system that was esti-
mated to be 0.83 mSv [15].anteroposterior and lateral views showed no relaxing of the lower rectal
tted images showed the same site of ultrashort transition zone (red arrow)
Fig. 2. 15 days male neonate presented with delayed passage of meconium, and abdominal distension. (a and b) Contrast enema in anteroposterior and
lateral views showed a transition between narrowed distal rectum and dilated proximal colon (red arrow). (c and d) MDCT in sagittal and coronal
reformatted images with contrast enema showed the same site of transition zone at rectosigmoid colon (red arrow) (TZ length was 7.8 mm, and mean TZ
ratio was 3.8).
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Siegel et al. [17], Hollingsworth et al. [18], Paterson and
Frush [19], and McCollough et al. [20], lower kV values
may be used for pediatric patients, due to less attenuation
in the body. The noise level does not increase significantly
with the decrease of kV for the same radiation dose. There-
fore the benefit of image quality improvement or dose
reduction is much more significant than in adult patients.
Furthermore, a weight or size-based technique chart that
can determine the appropriate kV and/or mAs for each
patient must be used [18,19].
Computed tomography is usually accepted as the pri-
mary method for evaluating colonic diseases and provides
the measurement of bowel diameter and bowel wall thick-
ness [21]. In HD, single-contrast barium enema examina-
tion reveals highly dilated proximal segments filled with
feces and cone- or funnel-shaped transition segments
proximal to a distal narrow segment [22]. In the current
study, MDCT was used to identify the location of a transi-
tion zone that was detected correctly in 19 out of 22
patients with 82.4% sensitivity and 80% specificity. It was
merely similar to Alehossein et al. [23] who reported thesensitivity and specificity of contrast enema (CE) were
88.9% and 84.2% respectively. On the other hand, the sensi-
tivity and specificity of CE in the diagnosis of HD have
shown a wide range between 60% and 100% [24–26].
On the contrary, Zhou et al. [27] reported that HD is
prone to be misdiagnosed or to be missed from diagnosis
on CE because of inconspicuous morphological findings
and CE results showed overall diagnostic accuracy of
45.24%. This may explain failure of identification of a tran-
sition zone in 3 (13.6%) cases in the current study who had
long segment and ultrashort segment HD.
On the other hand, in rectosigmoid HD, the site and
length of the transition zone were concordant with opera-
tive and pathological results and it had a statistically sig-
nificant value (P < 0.001). This was in agreement with
Proctor et al. [8] who stated that the location of the radio-
graphic transition zone correlates accurately with the level
of transition zone in 90% of patients with recto-sigmoid
HD.
A moderate strength of inter observer agreement in
localizing the site of TZ was found in the current study
(P = 0.009) and this is concordant with Jamieson et al.
Fig. 3. 2 years old male infant presented with constipation. (a) Scout anteroposterior image of abdomen showed abdominal gaseous distension. (b) MDCT in
sagittal reformatted shows long segment TZ (above sigmoid colon) (red arrow). (c and d) MDCT in oblique coronal and axial images showed the high level of
transition zone (red arrow) (TZ length was 9 mm, and mean TZ ratio was 2.7).
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of the radiographic transition zone using contrast enema.
In the current study, the length of the transition zone
was measured on thin section coronal reformatted images
instead of using transverse images only. On the contrary to
Kim et al. [11] who used only transverse images in measur-
ing the length of transitional zone, they reported observa-
tional errors owing to curved errors in cases of a curved
colonic segment relative to the transverse scans. Therefore
they suggested the use of multiplanar reformations, such
as coronal reformations, and thin sections to avoid these
types of measurement errors with MDCT.
The limitations of the current study include, the small
sample of patients and low power of statistical data. Fur-
ther multi-centric studies for comparison of all diagnostic
methods were recommended.5. Conclusion
In conclusion, low-dose MDCT has a role in diagnosing
and assessing the HD in infants. The use of multiplanarreformations; sagittal and coronal reformations; and thin
sections was helpful for identifying and measuring the
zone of transition from dilated to narrowed bowel. The
location of the transition zone was concordant with patho-
logical data in rectosigmoid HD, one of the requisites for
successful transanal surgery for HD.Conflict of interest
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